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Ej^eiRQCHEMICALS^^ 
pie>|r< nf thfi Invention 

^~^;;;;:^;;^^U^V> ^ eleotroohemlcal test oellforthe nneasurement 
C r^ive species. Such a sensor «n be used for the meesuremen^ cf 
5 enzymes,enzymesubs,rates,cofBCorsormedia.ors. One particular application 
is the measurement of glucose for use in diabetes. 

p=irl- qmund of th? Invention 

Diabetes mellitus is the most common endocrine disease and affects 

between 3-6% ofthe po,.latlon. Various studies, such as me ^^^'^^^^ 
Diabetes Study (UKPDS, target, t2th September 1998) have pcnted out «e 
importanceof malntalninganormalglucoseleveiinthebloodor plasma, inorder 

to delay the onset of diabetic complications. 

Many diabetics rtwnitor their disease by a regime of tests at home. A 
simple means of monitoring their disease Is therefore desirable. 

Electrochemical strip tests for glucose, electrolytes, lipids and enzymes 
have all been widely discussed in the patent and ether literature. For example 
US-A-4224125 discloses an enzyme electrode system in which an enzyme su* 
,.g,ucc,e oxidase isused to sense glucose. US^.5820651 disdoses such a 
Strip electrode fabricated by screen printing. 

90 Si imnrc'V Invention 

Z present invention is based on the realisation that, by us,ng 
appcopriate chemistry etc, an adequate signal can be achieved . a ca* rs 
plded ma, is smaller man has previously been used, i.e. which holds 600 nU 
or less of blood. In particular, the invention allows the detection cf glucose ,n 
wholeblood,usingasinVletouses,rtptes.. characterised in thatthevolumeof 

.ample required is very small. e.g. less than 200 nL and down to 50 nL. 

,n most respects, a device of the invention can be nrrade from known 
materials. However, it has been found that its size can be reduced, because 
sumcien, current density «n be achieved that mere is adequate sensitivity for 
30 me analyte, typically 90-100 nA/mM glucose. 
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The small volume of blood that can be utilised in the invention means that 
the sample can be taken from a part of the body having a low vasculature. Thus, 
for example, the sample can be taken from the arm. 
Brief Description of the Drawings 
5 Figures 1 to 3 of the drawings are each associated plan and side views 

of different Illustrative embodiments of the invention. The drawings show a cell 
or sample area 1 , a cover 2, a spacer layer 3, a reference/counter electrode 4, 
a working electrode 5, a cell-defining layer 6, a counter electrode 7, a reference 
electrode 8, and a strip/sample electrode 9. 
10 Description of the Invention 

Electrochemical strips for the detection of glucose in whole blood typically 
comprise an working, reference and counter electrode, or combination thereof, 
for the detection and quantitation of the activity of reagents or reaction products 
on the strip. Examples of these reagents may include enzymes, enzyme 
15 products or mediators accepting electrons from redox enzymes on the strip. 

The electrodes are preferably printed or deposited onto an elongate 
substrate, configured for ease of use by the diabetic and for insertion into a 
reader. Such a substrate may also include other tests of use for the diabetic 
such as, but not limited to, glycosylated haemoglobin, glucose and potassium. 
20' Some of the reagents may be deposited directly onto the electrodes themselves 
or onto other structures incorporated in the device, including wetting meshes 
such as is known in the art. The mesh is preferably as described in WO-A- 
00/28068. The use of a mesh in the cavity, e.g. having an open area of about 
30%, can reduce the sample volume. 
26 Appropriate reagents may be placed on the electrochemical strip test by 

methods including, but not limited to, screen printing and dosing the enzymes or 
enzyme-mediator couples. Especially for the detection of glucose, such 
reagents may be, for example: 

glucose oxidase and ferrocene/ferricyanide 
30 glucose oxidase and oxygen to yield hydrogen peroxide 

glucose dehydrogenase and ferricyanide 
glucose dehydrogenase and NAD and Meldola's Blue 
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TheeffectofWerferertsinmetestmaybereduoedbyincludingenzyn^s 

o, Ce^lcals .0 ^ asccba. — e, ^^^^^^ 
Haematol Warferanca may ba ra<^»d by including saponin, d,gaon,n, 

, """'C Pvt^i car poiyma. .ay ba in^udad, .o incase iine... 
Surfactants may be added to the device, to aid filling. 
^asJy^a,so,nco,po*fea.urassuonasr„iin,viamas,deo^m^ 

a,on=aLsubs.l,.oassis.mad,abe.icin.s,ngmadav,ce.Th,s,sdssonbad 
rrIIo/280S6and^soWO.A-9S/5585e(macontan.so,batnof*onara 

'""^rrirrr^a.--— onsn,a,,a,a.™n. 

X i +ho ripvice mav be wa coulometry, 
■ *«.r«,=.nt Analvsis of the output from the device mdy 

':::3:uy::!:irey.icv.^o^-o--'e— 

"^r— o,..aa.oa.ayi..dap...n...sa,..a, 
expoaura raagants to *a san-pie, to a«ow ma .aa*ns .o procaad ,n a 
saquartial or tima^layed .nannar, to optimisa .ha raadout. 

in a Vpicai co*gura«on *at ambodlas .ha ,nvan.,on, the day,oa 
co^pdsas ^ a,a*odas piacad app,oxima.e,y 100 pm or mom apart a 
20 enoe.ao.cdapr^arab,ymadao,Ag,AgC,3ndasaoonc^d^ 
l-*arAu,P.,PVCorC. Awaiils— .adby,amina.ingap.s.,os,^^^ 
around «ia call or prirting a layar around .ha oall, as Shown ,n F,gure 1. A top 

rlay*anbaaddad.o»mpla.a.haceil.Thaalac.odasareappro.,^.a^ 
;Z ^da and 1000 pm long. Bafora iaminatlng the .op covar on.o ma 
25 11 ^ -gan.s ara dosad onto .ha devica. Strips mada a A. P. 
pj^nductormaycr^inglueosaoxidasa. Hydrcgan paro^da ,s da.a^ad 
rc^emically ™i ma sWp. S«ps mada o, a carbon conduCor may con.a,n 

alan^e(,^sao.dasaorglucosadahydroganasa,anda^^^^^^^^ 
tt,aan^a(po.assiumfarrlcyanldaorphanoxazinas,nciud,n,Maldolas«ua)_ 

30 ,n a sacld ambcdiman. o. .ha invasion, a davica compn as 3 

conducUnga,ac.rodas,nama>yaworKin,a,adroda(carbon R A^orWO^^^ 
,e,arancaalac.rodamadao.Ag/AgClandacoun.aralaCroda(C,P.,AuorP./C), 
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as shown in Figure 2. The reagents, I.e. enzyme, cofactor and mediator, are 
deposited on the working electrode as a single or multiple layers. Alternatively, 
the reagents are dried over the whole of the cell. A channel is created over the 
reagents by laminating a thin plastic layer or printing a layer of adhesive around 
5 the cell. A clear cover with an air exit hole is placed over the device to complete 
the test strip. The cell volume can be further reduced by sandwiching a mesh 
layer between the substrate containing the conducting electrodes and reagents 
and the cover. 

In a third embodiment of the invention, a device comprises 3 conducting 
10 electrodes, namely a working electrode (carbon, Pt, Au or Pt/C), a 
reference/counter electrode made of Ag/AgCI and a strip/sample detection 
electrode (C, Pt, Au or Pt/C), as shown in Figure 3. The reagents, i.e. enzyme, 
cofactor and mediator, are deposited on the working electrode as a single or 
multiple layers. Alternatively, the reagents are dried over the whole of the cell. 
15 A channel is created over the reagents by laminating a thin plastic layer or 
printing a layer of adhesive around the cell. A clear cover with an air exit hole 
is placed over the device to complete the test strip. Again, the cell volume can 
be further reduced by sandwiching a mesh layer between the substrate 
containing the conducting electrodes and reagents and the cover. 
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.evice for e,e*o*er.ioa, de.e*n o, an ana„.e ,0 a saM. 
::llv.l*.h««sa„^lecanbede.eo.e^*ereinsaidvo,™e,saoOnL 

" .evice acceding <o claim 1 . v*e«i„ voiuma is 60 .c 200 nU 
3 Adev,ceacc«d,„,.= claim1crciaim2.whereinmeana,y,s,sg, co.e^ 

I A device acc^^in, to dai. 3. ».erein me reagent c<»pn- «luccse 
A device acceding .0 daim 3, v*erein me reagents comprise giucose 



rTroa accordi. ciaim 4, v^erein .e reagents comprise 
rT"l.ing to ..m S, v*erein .e reagents comprise 
» aoc^lng to Cairn 6, «^ein the reagents comprise NAD and 



7. 

1 5 ferricyanide. 
8. 

r A miod tor me eteCroct^mica, detecUc. C an anaiyte in a sample 
Lclprisesir^cducingthesamplelntothecavityotadeviceaccordingto 
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any preceding claim, and detecting the current. , , . , . 

To A method according to claim 9. wherein the sample .s whole blood. 
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Figure 1 
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Figure 2 




